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FORWARD

(In memory of Vladimi; fanas'evich Obruchev, a pioneer in ;;:
Central siatic studles ) : .

Cent“al Asia 1s one of the least Pnown regions .of the earth _ )
Investigation of Centrel Asia has been s trongly handicapped in thevl' o
past by the extreme convinental character of its climate, its broad, .
' vaterless aeeerts, the gveat altitudes of its mountain ranges, .and ite i
remoteness from populated centers Therefore in Central Asia 'the .
| period of scientific reconnaissences has extended up to very mecent L
| ‘ times and still cannot be considered as completed. The systematic and
| nany-sided study of its natmral features begesn very recently and hes
| covered only inconsiderable areas. But investigations are being expanded
from year to year, and the time is not far distant when Central Asia will
be studied as thoroughly as other parts of the continent.

Up to the present time, working topographic maps have been avail-
abls for only one fourth of ths area of Central Asia with the remaining
expanses being shown on maps mainly on the basis of data from the surveys
of main routes,

Anmong the specialized studies of the territory of Central Asia,
goological surveys heve been the most fully carried out., Geological
maps at a scale of 1:1,000,000, and for individual areas at even larger
scales, are available for the Mongolian part of Central Asia, for the
Western Xunlun, Tien Shan, Dzungarie, the Altey, the Tsaidam basin, and
the Kensu corrider. Systematic soil and botanical investigations have
been made only in Mongolia, commencing in 1957 in Dzungaria,

The literature on Central Asia is still comparatively small and
is counposed mostly of reports of & small number of geographical and geo-
logical expeditions containing material on the respective exploration
areas and also articled dsvoted to individual questions by members of these
expgditions. There is still no description of the natural regions of
all Central Asia, uvnless one counts the famous work of Alexandexr Humboldt,
which is more than a century old, or the brief descriptions of the area
contained in textbooks on the geography of Asia.

However, there are reglonal descriptions, utilizing the results

_ of the most recent work, for many areas of Central fsia, smong them
. should be named the work on Eastern Mongolia and the still unpublished
goographic description of the Nan Shan by V. A, Obruchev, the physical-
geographic account of the MPR [ﬁengolian People's Republic7 by
E. M. Murzayev, the monographs on the soils and vegetation of the MFR by
N. D. Bespalov and A, A. YJunatov, on the stratigraphy of Mongolia by
N. A. Marinov, and also the geographical and geological descriptions by
the presemt author of the Ala Shan and Ordos, the Easstern Tien Shan and
Pei Shan, Trans-Altay Gobi, Gashun'skiy Gobi, the Turfan-Khamiyskiy
depression, and the northwestern part of the Temir basin.




In preparing the present book, which offers the reader a short
physicogeographical and geological study of Central Asia, all the major
source materiels, both Russian and foreign, were utilized. A consider-
able proportion of the material presented consists of information obtained
through the personal investigations of the autnor, who has visited all
the ma jor regions of Central Asia. :

Over the course of many years the author worked under tne super-
vision of former academician Vladimir Afanas'yevich Obruchev and was
continually favored by his advice and instructions.

Invaluable assistance was given the author in the course of his
field work by various Chirese and Mongolian organizations.




. GENERAL DESCRIPTION.CF CENTRAL ASIA

Introduction ..

The term "Central Asia™ was introduced into the scientific litera-
ture in the second half of the nineteenth century as a result of :
Alexander Humboldt's classic work on this area of the Asiatic continent.

A. Humboldt gave the name Central Asia to the high plateau waich
stretches longitudinally between the Altay and the Himalayas and lafitud-
inally between the Great Khingans and the Turan plain.

. lLater, Ferdinarnd Richthofen, the famous explorer of China, pro-
posed to call Ceutral /sia that region which does not have an outlet to
the ocean, with the exception of the Aral and Cesrian bagine which lost
their outlet to the sea in the recent geolcgicel past., Central Asia
was similarly defined also by I, V. Mushketov, the specielist on -

Western Turkestan. :
V. A. Obruchksv also consiﬁered lack of drainage the ma jor
characteristic of Central Asia, but, unlike F. Richthofen, he did not
include in this area the regions of the Tibetan mountairs and Kunlun.

Even among recent authors there is no unanimity of opinion as to
the boundaries of Central Asia, For exampie, A. M. Murzayev, author of -
the well-known description of Mongolia and Northeastern China, is ‘inclined-
not to restrict himself to the physicogeographical content of this concept.
Inatead, in order not to transgress the-political boundaries of Mongolia, K
he proposes to include in Central Asia the basins of the upper courses
of the Selenga, Orkhon, and Kerulen rivers which constitute an extension
of the Trans-Baykal forest-steppe.

The lack cf drainage, which was earlier considered as the main
feature in the definition of the boundaries of Central Asila, is undoubtedly
an important geographic. characteristic of this region, but it is not the ,
only one, nor even .the mecst basic one. Central Asia has other important.
orographic, climatic, geomorphological, soil, geobotanical; and zoo-
geographical . characteristics which have found expression in specific
(Central rsiatic)types of landscepas, indigenous only to this territory
and snarply Gistinguishirg it from the surrounding regions.

Orographically, Central Asia is the area of higa plains and
movntains of the interior of the contlnent, surrounded by an almost con-
tinuous ring of tremendous mountain ranges whicth serve as climatic barriers;’

Cliratically, Ceatral Asla is an arid region with an extrems
continental climate, lying between areas of the Atlantic and Pacifiﬂ
Ocean circulations and isolated from both.

AT




In relation to the Quaternary cover, Central Asia is characterized
principally by the distribution of sands and lossseg,a rough overburden
of alluvia "gammady," prolluvivm on the foothill plains, and colluvial
accumulations in the mountains which the weak seasonal torrents are not
gble to carry off.

fB regards its water system, Central Asia repressents a region of
internal drainage with a very disorgenized hydrographic net composed of
dry stream beds--"sayry"--grouped around numerous inland basins.

Central Asia is remarkable for the uausual activity of the most
recent tectonic movements and for the very 8low processes of erosion,
Therefore all the young structural forms--uplifts and grabens, block
phases of ccmplex structure, "adyrnyye" folds, monoclines, and the in-
clined plains of the psdestals of mountainous elevations ("beli")--are
directly refiected in the relif. The ancient eroded plain, on the basis
of which hes been formed the modern relief of Central 2sia, is well pre-
served even on the high ranges. _

As regards the character of its soils, Central Asia constitutes an
enormou8 block of desert sierozems, bordered only on the periphery by
chestnut soils,

Geobotanically, Central Asia is a region of ezmtremely sparse and
monotonous vegetation consisting almost exclusively of perennial xero-
morphic underbushes and bushes, prominent among which are drought-resistart
"stone-lovers” and "sand-lovers" (Ammophila arenaria) and also halophytes.

Zoogeographically, Central Asia ie a kingdom of ungulates and
rodents. The distribution of the former is aided by the open relief and
snowless winters which permit grazing throughout the year. Redents,
however, can endure long pericds without water, live noecturnal lives, and
become torpid during the summer heat.-

Geologically, Central Asia represents one of the most ancient
regions of tie earth, within the limits of which the continental system
has been dominant for a large part of the post-Proterozoic era (in the
Lower Sinisian), during the whole Middle Paleozoic, and from the Upper
Permian to the present time). As a result of the predominance of uplift
movements in Central Asia, its ancient metamorphic foundation is not
deeply deposited and emerges to the surface over large areas. ‘

Already in the Upper Jurassic period the climate of Central Asia
was becoming arid, and since then its aridity has increased. In general,
Central fsia constitutes an imner-continental region of reculiar desert
relief forms where an arid climate has prevailed for more than 100 million
yeaers,

L A wajor role in the isolation of Central /sia has been played by
the newestvrelief-forming movements, which have created high ranges on
its borders. These ranges have served as barriers to air currents, The
isolation of Central Asia from moist air currents has resulted in the
establishment within it of an arid system. This in turn has caused & -
sharp reduvction in the volume of surface waters in this territory and a
weakening of the processes of erosion which now, in consequence of
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intensive lifting, are not able to surmount the internal, of ten quite
inconsidsrable, orograpnic barriers which block a flow. -Thus, as.a result
of the eiteadily intensifying aridity of the climate, Central Asia has
boén transformed into an area of internal drainege with-a primerily dry
and disorganized hydrographic network.  Associated with the small and

"seasonal character of the swface flow of water in the preSence. of weak

erosion processes is the predominance in the Quaternary deposits of
acolizn and prolluvial types. The composztion of the Quaternary cover in
turn has exerted a very considerable i1nfluence on the formation of the
soil cover. The soils in turn have played a very important role as one
of the factors determining the nature and distribution of the vegetation
cover, and this last has affectsd the typs of fauna.

The border of Central Asia is clearly defined.: It consists of
moantain ranges bounding the high plains and plateaus of the immer part

£ the continent which receive . less than 200 ymm of precipitation annually.
0 the watersheds of these mountains the desart land forms of Central
Asia are replaced by the more eroded stepps rellefs of the border regions
with a vetter-organized river system and a denser and more diverse grassy
vegetation cover which has developed on the chestnut soils, Along indivi-
dual parts the enclosing mountains serve as géheral or regional water-
sheds. In consequence, the orographic and climatic boundery of Central
Asia 18 at the same time the hydrographic, geomorpbological soil, geo-
totanical, and zoogzograpaicael boundary.

Tne boundary of the arid region of Ceatral Asia lips ‘along the
mountain peaks of the southern and northern Tien Shan ranges curving
around the Iliyskiy basin, which is open to the west and therefore more
humid. Ferther, it runs along thé meridional ranges of the Pamirs which
divide this region into & western moist half and an eastern dry half.

Then the border follows the peaks of the Karakorum range and tne Trans-
Himalayen, Kaylas and N'yenchen-Tangla ranges, end fearther along & pro-
Jection of the diagonal elevation which separates the Tibetan uplands
from the Kama and Amdo mountains. .

“* In the Nan Shan the boundary of Central Asia intersects a system
of parallel ranges on a powerful lateral uplift which forim here a wedge-
ghaped extension to the west because the eastern part of this mountainous
area is protected from the dry winds of the dosert and is accessible to
moist winda.

In ths part Detween L .nchow and Kalean “the boundary of Central
Asla coincides with the broad flat ridges along which the Great Wall.of
China was erected. Farther, the boundary is formed by the western edge
of the Jeho plateau, the southwestern slope of the Derigan range, and the
foreland of the Central Khalkhasskiy plateau. Thence it runsamalong tho -
summit of the Han-hai, then along the Southern slope ‘of the Tannu-Ola
rénge, on into the Mongolian Altay, and to the sources of the Urungu
River. In the Altey, skivting the high peaks of the ranze and its
adaquately watered slopes, the boundary of the arid region descends to
the level plain of the watersheds of the Chernyy Irtysh and Urungu rivers.
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Map 1. The borders of Central As1a C

1/as_keyed:in crigiial/: Boundary of Central . sia

Place nomes: Saume as Map 6 15 58 of orlalna;Z
Thence it runs along the peaks of the Sawr ., Kodzhur, Urkashar, Dznair,
and Mayli to the Dzungarian gates and, pa8511g through the gates, follows
along the crest of the Dzungarian Altay around the Borotala trough in
the upper reaches of which it Joins the Tien Shan section already considered.

Thus within the limits of Central Asia are found the Tarim and
Dzungarian high plains, the Eastern Tien Shan, Kunlun, the E.stern Pamirs,
and the northern slope of the Karakorum, the Tibetan plateau, the Tsaidam
basin and Western Nanshan, the Gobi Altay, the lake plains of Western
Mongolia and the southern slope of the Han-hai, Ala Shan and Oxdos,
Yingshan and the Eastern Gobi with the arid plains of the Chakhar. In
width Central Asia extends 3,700 km and in length 2,200 km. Its extreme
points are found in the north at 51° N. lat., in the gouth at 300 N, lat.,
in the west at 7? E. long., and in the east at,ll 7 E- long.

The area of Central 2sia is 4,360,000 lm", .or about one ninth
that of the Asiatic continent (without islands)‘ ‘Three fourths of the
area of Central Asia lies within the boundaries of the Chinese People's
Republic and about one fourth inside Mongolia. In the Ecstern Pemirs and
Southern Tuva the Central Asiatic areas lie within the territory of the
Soviet Union. The greatest contrast in natural conditions appears in the
south, where only 150 km separates the cold Chang Tang desert from the
monscon area of India with its exceptionally heavy precipitation, high
temperatures :throughout the year, and diversified ever-flowering vegetatim.
In the southeast the Central Asiatic desert also borders on hot and moist
regions, but here the transitional land forms occupy a larger area because
the ranges separating the two areas lie not across the path of movement
of moist air masses but rather parallel to it.- In the northeast Central
Asia borders on an area of mountain-steppe land forms which block the
effect of the East Chinese monsoon. Here the ranges lie perpendicular to
the main direction of the movement of air messes; therefore its boundary
here ig8 sharply defined. In the northeastern part of the boundary the:
desert land forms of Central Asia border on the Siberian taiga, which is
characterized by low winter temperatures and permafrost. Central
(Tsentral'nyy) Asia is least sharply distinguished from the similarly
desert Middle (Sredniy) Asia which borders it to the northwest. But
even here the boundary of the more arid Central Asia appears distinct,
thanks to the dividing ranges and also to the different seasonal distri- .
bution -of precipitation, which also influences the types of land forms.

Only in a few areas is it difficult to decide whether or not they
belong to the area of Central -Asia. Thus it was formerly wacertain
whether or not the latter included the Ordos, which embraces the gigantic
bend of the Huang Ho and, consequently, belongs hydrographically not
to the landlocked regions of Central .sia but rather to the basin of the




Pacific Ocean. But the uncertainty disappeared and the attribution of
the Ordos to Central Asia was confirmed when the resemblance of its
desert land forms to those of other Central Asiatic areas was established.
Morsover, .discovered in the interior of the Ordos were typical Central
Asiatic landlocked basins.- oL :

A11 other difficulties in fixing the boundaries of Central Asia
arise in consequence of the "weakening -'of the desert land forms in
parts lying in the gaps in the mountainous framework through which flow
masses of moister air from the outside. Such phenomena have been dis-
covered in parts of Westeran Kunlun, bordering the Altay trough, on the
northern slope of the Tien Shan, 'in the area of the Nilkhinskly saddle,
and on the southern slope of the Mongolian Altay, which checks the in-
fluence of the moilst air messes woving along the Trans-Sangskly depression.
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4, Water and the.Hydrbgraphic net

There is very little wagter in Central Asia, From the slight quantity
of precipitation which it receives, usually amounting to less than
150 mm a year, hardly one tenth of that falling during showers flows into
the surface and underground watercourses. (During slight rains the drops
evaporate in the lower levels of the dry air or upon touching the heated
surface of the desert.) In winter on the plains of Central 'sia the
snow forms a veory thin and discontinuous laysr which, as a result of the
enormous evaporating capacity of the dry air, lies on the ground for not
more than 2 or 3 days. Thus the snow does not substantially add to the.
reserves of river and undergrcund waters., Therefore the greatest part
of the area of Central 'sia has no permanent water flows. In its dry
channels, water appears very rarely enf for only a few hours after the
very infrequent showers.

Central Asia receives most of its water from the slopes of thes
high surrounding ranges which block the flow of humid air from the
Atlentic, Indian, and Pacific oceans. The mein moisture condensers for
Central Asia are the Western Kunlun and Kerakorum, the southern end
nortuern ranges of the Tien Shan, Nan Shan, the Mongolian Altay, and
Han-hal in which originate all the great rivers. On the desert plains
the moisture which has accumulated in the mounteins again evaporates.
Most of the moisture here evaporates in the irrigated fields and terminal
lakes.

Ancther important hydrographic feature of Central Asia is its
landlocked character. Only three of ite peripheral sections are in
areas of a surface flow; the zone of desert plains of Alashan and Ordos
which border on the valley of the Huang Eo, the eastern edge of the
Tidvetan plateau which includes the sources of the Yangtszu, Langtsakiang
(Mekong), and Nukiang (Saluen) rivers, and the southern slope of the
Mongolian Altey at the sources of the Irtysh River. Most of the terri-
tory of Central iAsia consists rather of a large number of landlocked
basins occupying separate enclosed depressiocns. Their areas vary from
many hundreds of thousands to tens of square kilometers. The centers
of flow of the major basins are located in the enclosed Tarim, Dzungarian,
Alaeshan plains--"soty," the plains of Vestern and Eastern Mongolia,
the Tsaidan basin and the Chang Tcng plateau, and also in the great inter-
mcuntain troughs (%:rfan-Khamiyskoy, Barkuliskoy, and others). Together,
the landlocked basins of Central sia form a svecial hydrographic system
isolated from the surrounding regions of surface flow. A large part of tk
boundaries of Central Asia lie along watersheds of world significance.
The northern pert, stretch along the summits of the Han-hai, Tannu-0Ola,
and Mongolian Altay, serves as a watershed between the landlocked region
and the basins of the Arctic Ocean. The Southern part, formed by the
Karakorum and Trans-Himalayan renges, etretches between the landlocked
region and the basin of the Indian Ocsan. The eastern section stretches
along the Jeho plateau between the landlocked region and the basin of
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the Pacific Ocean., Only the northwestern section of the boundary, which
is formed by the Dzungafian, Tien Shan, and Pamir ‘yanges, does ‘not con-
stitute a general watershed, becausa here other regions ‘of internal Flow
(Aral-Caspian and Balkhash) border on the hydrographic net of Central
Asia, The Aral-Caspian and Balkhash regions ars distinguished from the
Central Asiatic area by climatic features and by the fact that until

the end of the Tertiary period they maintained an outlet to the ocean.

Landlocked basins. In Central Asia there are hundreds of land- v
locked basins which are Joined on the basis of general orographic features
into groups of regional, district, and local significance.

The groups of regional landlocked basine are linked’ according to
the position of terminal water reservoirs within the boundaries of the
same valley or intermountain basin and watercollecting areas in the
contour of its mountain framework (Msp 4). In Central .sia there are
nine regional groups of landlocked basins: the Tarim (with the basin of
the Su-le Ho), Dzungarian, Tibetan, Tsaidam, Turfang-Edzingol’, Western
Mongolian, Eestern Gobi, Chakhar, and Ala Shan’ (with the interlor land -
locked basins of the Ordos) Of these regional groups only the Tarim
basin constitutes a more or less unifiled hydrographical net; all the
others are subdiv1ded by inland watersheds into smaller groups of district
significance. Thus the Dzungarian regional group is broken up into the
Ebinorskiy, Ayrankul'skiv, and Ulyungurskiy district groups, situated in
geparate enclosed depressions of this plain. But even the district
groups usually do not represent a unifisd river systea in their turn being
made up of isolated hydrographic élements.

- The structure of the hydrographic net of individual basins and
groupa of basing is very diversified. It depende basically on the relif |
of the territory of the basin ‘and the distribution of atmospheric precipi-
tation within its limits, In better-watered districts and those with
sharper relief the hydrogvaphic net is more ramified and forms an ex-
teruivTe. system through which flow large rivers, waav r, in the drier
districts, especially those where altitude variations are not great, the
hydrographic net is less remified and completely disorganized. And because
the better-watered districts of Central sia alpo have limited altitude
variations in the surround.ing ranges, it is Just these whose river syetems
are most ramified and in which are found the largest rivers.

A large hydrographic knot ig located in the region of the Vestern
Kunlun and the northern slopes of the Karakorum, where originate the
chief rivers of the Tarim basin: the Yarkend, Kyzylsu, and Khotan. No .
less important hydrographic knots are found in the Central Tien Shan
(Knentengriyskiy and Irenkhaebirgenskiy) from which flow the rivers .
Aksu, Muzart, Khaydyk-Gol (Koncheder'ya), and Manas. Considerable also
is the Nan Shan hydrographic knot which embraces the sources of the
Edzin-Gol River, the Su-le Ho, and the Datunkhe River,




In the Mcngollan Altay the ‘gources of the large rivers are grouped
around the main peaks of the Tabyn-Bogdo range (Burchum and Kobdo rivers)
and the Munkhu-Tsastu-Khairkhen ranges (Ku -Irtye and Urungu rivers)

A mighty hydrographic knot is located in the elevated part of the Han-hai
in which lie the sources of such abundant rivers as the Selenga, Orkhon,
and Dzabkhana, which radiate from here. In the ranges which lie deep
within the arid region of Central Asila, even such high ranges as the
Bogdo Shan with the Kerlyk Tegh and Gobi Tien Shan, Central and Eastern
Kunlun, Altyn Tagh, Gobi Altay, and Lung Shan, the hydrographic net is
less ramified and does not possess a single larger river.

Nevertheless, it should be pointed out that the river system of. .
Central /sia, given its extremely dry climate, is considerably ramlfle_d. ‘

and deeply incised into the surface. Even the small desert uplands situated .
on the Tarim plain (Mazar Tagh, Maralbashiyskiy ridges, Chul' Tagh and.
Charchak), in the Ala Shan (Bain-Ula, Kharan-Ula, Huhu-Ula), arnd in the
Ordos (Arbiso and Kantageri), with lengths of 15 to 80 km and widths of .
1-4 ¥m, are intersected by a network of deep eroded valleys, In their
lower parts are found extensive outwash fans which run together on the :
foothill plain into solid prolluvial deposit strips. A deepening of these
valleys novw hardly occurs, as is evidenced by the barkhans which line
their dry channels. The newest relief forms in these uplands are only
wind-eroded(gnllies and hollows due to deflation, and sculptured cliffs).
There is no doubt that here, comparatively recently, in consequence of an
increase in the aridity of the climate, the water-erosion tyre of dessica-
tion has given place to a wind-erosion type. In the period of the forma-
tion of the erosion valleys im the desert uplands of Central Asia,
sufficient precipitation fell for the development of effective erosion.
There was more water at that time in the surrounding ranges on which
everywhere there are deep, wide valleys too large for the small rivers
which now flow through them. The well-developed river net of the
mountaing, so unusual for a desert regions, has remained from the pre-
ceding period when the climate was more humid.

A great effect on the conflguration of the river system of indivi=-
dval enclosed basins is exerted by the relief of the plains within which
are located their centers of flow. On the flat plains of the centers the
flow 1s less than on the plains and platveaus with & more dissected relief.
Examples of level plains with more organized river systems are those of
the Tarim and Dzungarian basins. Examples of plains with differentiated .
relief and a disorganized hydrographic net are the Ala Shan basin and, in
particular, the Tibetan plateau. A more complete river system contributes
also to the slope of the plain, the influence of which is particularly
noticeable in the Tarim and Dzungarian basins.,
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The connection between individual hydrographic elements in the
lendlocked basine of Central seia appears in various forms and degrees.
This is least apparent in the areas of permenent watercourses which in’
dry end barren Central Asia are rare, shallow, and concentrated in or
bordering on the mountainous districts. The rivers of Central Asils
usvally flow nowhere, suddenly disappearing upon issuing from the mountains
and even within the limits of a mountain valley. The underground water
courses, ‘into which the failing rivers pour the last of their vaters, run
farther. Some of them run together in the plains, and as a result become :
a local or district center of flow. In consequence, the underkround
hydrographic elsments of the enclosed basins are linked somewhat more
closely than the surface streams. ,

The closest connection is found among the dry channels of indivi-
dusl enclosed systems. In the deserts of Central Asia the river channels
do not terminate where the surface watercourses disappear, but extend
farther deep into the plain for many tens of kiiometers, frequently be-
coming the major stream or terminal reservoir of a given basin., All the
large rivers of the southern mergin of the Tamir plain, Southern Dzungaria,
and Southern Tsaidam have extended dry lower reaches. There has been no
vater in them for many centuriss. - : '

Dry channels--"sayry"--furrow the entire surface of the Gobi
plains, particularly close to the mountains and in areas with hilly relief.
Individual sayry reach meny tens of kilometers in length, have complex '
ramifications, and possess water-collecting basins of 5,000 km?. The
flow in the sayry rises suddenly during heavy rains, quickly " becomes a
powerful and turbulent current, and subsides Jjust as quickly. The rain-
waters often wash along the sayry into a landlocked basin where for a
certain period there arises a small lake ("takyr"), partly ebsorbed by
the coarse, readily penetrable sediments of the channels. Thesrefore the
large sayry frequently have underground flows which disappear only in
periods of prolonged drought. The channels of the sayry usually do not :
form a single connected system for an entire enclosed basin, but rather
are combined into separate groups with local centers of flow,

The rivers of Central Asia are also unusual., They flood not in
the spring, a8 in the western and northern regions, but in the summer,
during which up to 80% of the annual precipitation falls and there is
rapid glacial melting. As a consequence of the "episodic" character of tle
summer rains and snowfalls, the floods dsvelop unevenly with an alternating
sharp rise and fall in water level.. The steep incline and bare surface
of the mountain slopes contribute to the rapid run-off into the river
valleys and to the sudden occurrence in them of turbulent currents which
rush along at speeds of up to 8 m/Sec,/ carrying along an enormous quantity
of rubble. At such times the rivers accomplish an enormous amount of
erosion, as a result of which their gorges are deep and narrow. The
function of glaciers in feeding the Central Asiati¢ rivers 1s inconsider-
able due to the fact that the winter periods in which they accumulate
moisture are periods of ninimum precipitation.
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The narrowness of the gorges and the great speed of the currents
of the mountain rivers do not facilitate the growth along them of large
areas of vegetation. Therefore the mountain rivers in Central Asia do
not animate the landscape to the same degree as in other mountainous
regions.

At the edge of the desert plains the pitch of the river channels
decreases sharply and their speed of flow is correspondingly reduced.

In this zone the rivers deposit the mein mess of the coarse waterial they
carry from which is formed the thick alluvial fans. In the foothills,

as a result of the enormous filtering capacity of the stony deposit
strip, all the small rivers disappear and the large ones lose & consider-
able part of their water. On the open plain, where the gradlent of the
surface becomes still less, the rivers flow in wide, shallow sandy-
muddy channels. Here the seepage of water into the channel bottom is not
great but there is a high depree of evaporation.

The rivers of the plains are influenced by even quite insignifi-
cant changes in surface incline. Therefore in the parts undergoing up-
lift thelr waters flow in a single narrow channel cutting into the
alluvial deposits, and in perts which are in the submergence stage the
rivers divide into a great number of distributeries and their sediments
block up the channels. Along the subsiding parts, as a result of the
silting of the channel, the water level in the rivers rises and some-
times becomes higher than the 0ld channel bottom. In such cases the
rivers break the dike of their friable, easily-penetrable rocks and resume
their old course, moving in another direction, often hundreds of kilometers
from their original location. There are many such "roaming' rivers in
Central Asia. The Konchedar'ye is a wandering river; it has in its lower
reaches three channels with different directions (Ilek, Kokyangak, and
Kurukder'yu), by which it can send its waters into the Chonkul' lowland,
the Arganskiye lakes and the Tarim, and, finally, into the Lop Nor. The
Dzinchan River on the Dzungarian plain hes several arms directed toward
various basins. The terminal lake of this river also does not have a
constant position and, depending on the distribution of waters along the
several channels, is located now in the Ayrankul'! basin, now in the
Ikkekhak basin. :

Another well-known example is the ‘wandering Edzin-Gol River which
feeds ILakes Gashun-Wur and Sogo-Nur on the northwestern edge of the
Ala Shan desert. In 1ts lower reaches the Edzin-Gol divides into several
arms which extend over a strip up to 80 km wide. As a result of the
reriodic shifts of waters between these arms, Lakes Gashun-Nur and Sogo-Nur
regularly change in dimension; more exactly, when the volume of one of
them is increased, that of the other is reduced, and vice versa., In the
rast, a part of the waters of the Edzin-Gol flowed into the Khodun-Khoshu
basin which is situated 25 km southeast of the present lakes. The waters
of Lake Khodun-Khoshu supplied the ancient city of Khera-Khoto, which was
abandoned by its inhabitants in the fourteenth century
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The large rivers of Central Asia, such es the Tarim, Cherchen,
Dzinchan, Edzin-Gol, and others which carry great volumes of water and
cross extensive plains,.are typical transit rivers of the desert. They
have no effect at all in moderating the climate of the surrounding area
and hardly modify its landscape. This transit character is also menifest
by the Huang Ho along the pert of its course between Ala Shan and the
Ordos o - . .
The rivers of Central ssia have great importance for agriculture
as sources of irrigation water for filelds without which cultivated
plants could not exist here., On the banks of all the large rivers, in
the zone where the coue"omerate of the foothill deposit strip is renlaced
by loess and clay soils, there are extensive oages with large tracts of
irrigated land. :8 & result of the abundance of solar heat and light and
the fertile loess soils, the irrigated fields of the cases yield rich
hervests of grain, fruits, and vegetables. However, the waters of the
Central Asiatic rivers are not all used in agriculture; a large part of
the water still flows along the channels into the dessrt without being of
vSe to man. Nelther the flood waters nor that pert of the waters which
the rivers carry in the seasons when the fields are not irrigated is much
used, The constiuction of water reservoirs and new and improved irrige-
tion systems will make 1t possible to utilize more fully the resources
of ths river waters--the main wealth of the desert--and to enlarge con-
siderably the areas of irrigated land.

Lakes. In Central Asia there are many lakes which form the terminel
water reservoirs for large and small landlocked basins. In the Gobi
desert the lakes are situated throughout the open plain at altitudes of
300 to 1,300 m. In Tibet, Tien Shan, Kunlun, and Nan Shan they are found
in smaller intermountain troughs and basins with lake-bed altitudes of
from 3,000 to 5,400 m.

The lakes of Central Asia are concentrated primarily in its semidesert
zone wuere preclipation is somewhat greater, there 1s less evaporation,
and where the waters are collected which flow from the high surrounding
ranges. In the dessert zone, which receives less than 100 mm of precipl-
tation annually, are found only scattered lakes which are either the
terminal water reservoirs of regional basins such as the Lop Nor, Gashun-
Nur, ané Knalacha, being fed by large rivers, or terminal water reservoirs
of basins of district significance like Lake Bodzhante in the Turfanskiy
depression and Lake Tagkul' (Shona-Nur) in the Khamiyskiy, which are lo-
cated near high mountains covered with perpetual snows. Under similar
relief and climatic conditions, the sizes and number of the lakes increase
outvard from the most arid internal dietricts of Central Asia towards its
margins whers the landscapes are already semidesert. This regularity
is expressed with particular clearness in the location of therlakes of
Tibet which are relatively rare and small in the dry Chang Tang and
numexoud and larger in the better-wetered southeastern highlands.
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In the past the lakes of Central /sia were more numerous and
larger. There 1s clear evidence of this in the ancient river banks and
lake deposits with fresh-water fauna, which are found on the plains far
beyond the shores of the present lakes. The latter comsequently represent
relics of the enormous water bodies of the sarly Quaternary period. The
ancient lakes of the flat Gobi and the very broad depressions of Tibet
are distinguished from the water bodies found there now not only in
depth but in. area, with the latter sometimes exceeding that of the present
leke by 6-10 times., For example, the area of the bed of the dried-up
Bolshoy Lop Nor Lake is about 28,000 kn° yhile that of the lake which
remains(plotted on the 1942 topograephic map)amounts to only 2,500 .
The area of the ancient Lake Edzin-Gol' amounted to 1,L4Q0 km?, while the
area of 1ts "heirs"--Gashun-Nur and Sogo-Nur--is 350 kn® (Map 5). The
lakes which were found in the narrow intermountain basins were only a
little larger in area than the present ones but had greater depth. In
the valley lakes of Tibet the water level was 120-200 m higher than at :
rresent. Even in the case of lakes Ebi-Nur and Ubsu-Nur, which were located

Map 5. Edzin-Gol Lakes in the Ala Shan (after Gerner and
Chen) . ‘

/Tegend:] 1--Present lakes;

2--Lakes which have dlsappeared within the
historisal perilod;

3--Anclent lakes with well-preserved shore
lines;

}--Probable shore line;

5--Areas of sand dunes;

6--Outcroppings of bedrock.

[Place names:/ 7--Lake Gashun-Nur
8--Iake Sogo-Nur
g--Xhara-Xhoto

10~-Muren-Gol River
1l--Narin-Gol River
lE--Ikne ol River

in large intsrmountain depre851ons, the difference in weter level amounts
to 50-60 m, Mzny Central Asiatic lakes have dried. up completely. There
disappeared tle enormous lakes of the Tarim plain, lakes which covered it
in the area of the Khotan-Xeriyskiy watershed, in the area of the Junction
of the Yarkend, Akau, and Zheten rivers, and in the Shakh yarSklv lowland,
&nd of the huge ancient Southeastern Tsaidam Leke with an area of more
than 20,000 ¥m“ there remain only @ few small lakes which dry up at times.

- 14 -




The lekes located cn the plains are not deep (at most only a few
meters) and their shorelineés cliange reeularly. The mountain depression -
and valley lakes are deener and have constant shorelines. The levels of
the lakes of Cenmtral Asie fluctuate considerably as a result of irregular
precipitation and seasonal changes in rates of evapora*ion The small
lakes exist only 1n periods of rain and floods, at other times con-
stituting dry or Swampy salt marshes. The_large area aait slight depth
of the Gobi lakes makes them efficient water evaporators.

To, one "degree or another all the lakes of Central /fsia are saline.
The max*mum content of salt is found in lakes gituated in the interlor
of the desert where less than 100 mm of precipitation falls per year
Moving out towards the mergins, the concentrations of salt in the lake '
vaters diminish. ’

Underground waters. In the dessrts of Central Asia, dve to poor
surface flow, ground waters are of great importance. These are formed
on the foothill plains in the zone of coarse and friable deposits, The
river waters absorbed by the alluvium form an underground stream which
may, under favorable conditions, reach the surface. Most favorable for
the issuing forth of ground waters are tectonic bsnches which cut the
water-bearing stratum and guide it to the level of the surface of the
lowsr bench. Ground waters issue forth often end ebundantly near high :
mounta ins from the élopes of which many rivers flow onto the desert plain.
To the extent of the dip into the very dry area of the desert the network
of springs quickly thins out, which reducss the flow of water and in-
¢reates its salt content. Ground waters accumulate also around the
relatively low internal elevations in the desert, on which in periods of
rain there arise temporary streams. The discharge of springs from interia
groups i1s generally small and Varies in accordance with the water-basin
area and the height of the hille found within its limits,

The point where ground waters issue forth to the surface and the
locations of their shallow pocls are marked by growths of laslagrostis,
reeds, heterorhyllous poplars, small species of Carex, and tamariek.

In such "wendering" oases small streame are frequently found with lengths
of several hundred meters,

Strangely enough, groups of springs are found also in the dry
areas of the desert--in Eestern Dzungaria, in the Kuruk Tagh, Pei Shan,
and on the southsastern margin of the Temir plain, which possesses small
resexves of ground water. This paredox is explained by the peculiarities
of the geological structure of the areas named, peculiarities which
favor the issuing forth to the surface of ground waters. In particular,
this ‘is facilitated by the absence or poor development of the absorbing
cover.

Spripgs and "dry" oases having no surface-water flow, are found in -
clustérs extending along fractures. A considerable number of them are
" found in the southern edgé of the Tamir plain at the base of the surrounding
foothille, in Southeastern Dzungaria along the boundary with the forward
benches of the Tien Shan, in the Turfan depression along the mountain
ridge of Tuz Tegh and in other regions.
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In the Turfan-Khamiyskiy depression ground water is widely ussed
for the irrigation of fields with the aid of sloping water-conducting
conduits ("kerysiy"). These are set into the sediment on a level with
the circulevion of the ground waters. They reach many kilometers in
length, and the depth of their leading ends may emount to 80-100 m.

In accordance with the reduction in thickness of the coarse water-bearing
deposits, the depth to which the karysi are laid is reduced. In sections
of wedge-shaped water-bearing lenses, they run on the surface.

Aimost completely waterless is the Gashun'skeye Gobi, which receives
& minimum of atmospheric precipitation and is isolated from streams of
underground waters from other regions in consequence of the relatively
high altitude of ites surface. Known in the Gashun'skaya Gobi are only
individual periodically drying-up springs of mountein-salt water, sitrewn
throughout the completely lifeless desert at distances of 100-200 km
from one another.

The water resources utilizable for economic purposes can be in-
creased by tapping the artesien basins of the Yarkendskiy, Kucharskiy,
Manasskiy, Twrfan-Khamiyskiy, and Tszyutsyvan'skiy foothill depressions
waich are filled by thick strata of poorly-compressed Mezo-Cenozoic de-
posits. The areas supplying the artesian basins are located in the foot-
hills of the basine where the Mesozoic and Cenozoic deposits are dislo-
cated, raised considerably, and exposed. In a depression of synclinal
structure and in a zone of the thinning out of Neocene-Pleistocene con-
glomerates (which attailn a great thickness only in the foothills) waters
under pressure may be obtained.

Development of the hydrographic net and the direction of its growth,
The present hydrographic net of Central Asia was formed along with the
development of Mesozoic-Cenozoic orogenic processes and in dependence on
them. Therefore the position and orientation of its individual elements
are determined by the extension and hypsometric relations of the basic
structural-orographlc units of this region and their relative developments.

.The sources of the principal rivers of Central Asia lie in the
nascent peakxs of the mountain systems. In the Tien Shan these are the
peaks of the northern and southern chains, aand in the Kunlun the peaks
bordering the Tibetan highlands. Along these ancient peaks lie general
and regional watersheds. EHowover, thes pecks bordering the Gobi plain
arose later than the watershed peaks, after the major elements of the
hydrographic system had. been Formed. The major rivers traverse them along
narrow valleys. The local elements of the hydrographic net of the
bordering ranges correspond to those of the younger peaks.

The opinion is frequently expressed in the literature that the land-
locked character of Central Asia constitutes a relic phenomenon and that
the process of dismemberment of the landlocked region is being completed
with the gradual transition of its individuel parts into areas of external
flow. However, the facts which would permit the drewing of such a con-
clusion have still not been established. The orogenic process is in a stage
of progressive development and the aridity of the climate continues to
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increase. As a result, the "lag" in the denuding processes in relation
to the tectonic processes which are forming the orographic barriers
continues to increase, Therefore it is unlikely that the landlocked
region of Central Asia, which originated in the primery stage of the
orogenic process under conditions of a less dissected relief and a
moister climate, is now being subJjected to dismemberment. It is
natural to postulate the reverse, i.e., that the latest stage in the
history of Central Asia is accompanied by a further disorganization of
the river system in consequence of the fact that the - cyrogaphic barriers
which separate the individual besins have been further elevated and ero-
sion has lessened. Examples of the recent isolation of basins are
numerous. The most remarkable of them are the separation from the
Tarim basin of the Su-le Ho system, the transformation of Lake Kukunor,
vhich formerly flowed into the Huang Ho system and now terminates in
an enclosed basin, and the disruption of the previously united southern
Teaidam basin into smell parts with independent terminal water reservoirs,
However, along with the continuing disorganization of the river
system of Central Asia,there may occur in some localities a uniting of
several besins and even the transition of several of them into an
aree of externmal flow., But this can only be the result of tectonic move-
ments which have 80 changed the altitude of the surface of the basins
thet even the slow processes of erosion have made inevitable their
hydrogrephic combination.

5. Geomorphological Features

Major features of the geomorphology of Central Asia. The geo=~
morphological landscapes of Central Asia are very unusuval. This is
determined by the great intensity of recent tectonic movements which
have resulted in the formation of bold forms of relief and also in the
extreme slowness of the erosion and accumulation processes which level it.

Central :isia lies within the boundaries of the inner-continental
upheaval which in both area and amplitude of vertical movements is the
greatest in the world. Rangee and highlands with altitudes of 3,500-5,000 m
are customary, while summits are not unusual which rise to more than
6,000 m, Even the plains have altitudes of 1,000-1,500 m, The absolute
ragnitude of variations in the altlidue of the surface in Central Asia
‘amounts bo 7,600 m, the relative magnitude to 5,000 m, while variations
in altitude of ag much as 1,000-1,500 m are encountered almost everywhere
in the mountainous districts, .

The aridity of the climate in Central Asia has slowed erosion
trocesses and changed the interrelations eamong their significant factors.
It has sharply reduced the role of the most powerful of these, that of
voter erosion, and has strongly increased the effectiveness of the least
effective of these, wind erosion.
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Thus in contrast to the newest tectonic movements which intensify
the contrast relief and contribute to the development of erosion and - ’
accumulation, the arid climate limits the progress of these processes.

In Central Asia, therefore, the relief forms created by thé newest

tectonic movements are little altered by erosion and have preserved

their structural appearance. All forms of new tectonic movements are

directly expressed in the landscaps and, in paerticular, the "adyrnyy" -

vpthrugts, monoclines, and peripheral terraces of the foothill zones

which arose during that stage of the orogenic process in which the most

arid climate was dominant. In the adyrnyy uvthrusts, for example,

orographic and structural forms sometimes completely coincide, and the .
angle of incline of the stratum and the angle of decline of the layers

in the corresponding fault side are equal, with every change in the

angle of incline of the layers in the fold being accompanied by gimilar

changes in the steepness of the stratum slope., The levelling and dying

out of the fold is expressed in the relief by the levelling of the stratum

ard its subsequent submergence to the level of the plain. The form of
foothill terraces also precisely reflects their structural form.
Usually these are broad, slightly inclined to the surface of the plain,

and bordered by a steep and perfectly rectangular bench, :

' Bigh plains and mountain plateaus are dominant among the land-
scapes of Central Asia. The former occupy the major part of the Gobi
floor, while the latter play a leading role in the relief of the Tibetan
uplands, Areas of dissected relief occupy a relatively small area and
are located along the borders of the mountainous plateaus of the Gobi
plains. For example, a highly dissected mountainous relief predominates
in the Kunlun, constituting a tremendous bench between the very high
Tibetan and the lower Gobi surfaces, In the Nan Shan and Tien Shan aystems
the dissected mountainous character is to be observed chiefly on the
outer slopes of the bordering ranges which face towards the Gobi plains.
These slopes posssss ths greatest relief ensrgies and heve thus checked
eny strong ercsion action. In the interior zones of the Tien Shan and
Nan Shan, however, there are extensive plateaus the altitudes of which
are & little lower then those of the ranges.

- The pressut »elief of Central Asia rose on an ancient denuded
plain vhich had undergone a lengthy perioi of continentel development
even before the orogenic process. In ‘the process of orogenesis the ancient .
denuded plain disintegrated into separate blocks of various sizes which
were subjected to differentiated faulting movements. On the least mobile
and least differentiated blocks the landscape of the plain has been pre-
served. However, groups of mobile blocks, whose changes of amplitude were
of various megnitudes, formed the mountainous elevations. There is :
evidence concerning the origin of the mountains of Central Asia from the
ancient denuded plain in -the broad expanses of surface levelling preserved
on the watersheds and sides of the peaks: R '
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The most intensive neotectonic movements occurred in the Paleozolc
geosynclinal-folding zones: Tien Shan, Kunlun, Altay, and others,
where the ranges of high mountains arose separated by intermountain
valleys. The nevest tectonic movements were less energetic and differ-
entiated within the limits of steble ranges the present reliefs of whose
surfaces represent plains of various types.

Bocause Central Asia ie an enclosed landlocked area, sedimentary
materiale have been borne into it from other parts of the continent, but
the local products of disintegration have not been carried beyond its
borders. In conseguence of the extreme scarcity of running water in the
area, rock waste materials originating as & result of weathering have
accumvlated chiefly in the mountains close to their points of formation.
In tbe modern epoch sediments accumilate comparatively heavily only in
the dspreesions bordering the psaks surrounding Central Asia, areas in
which erosion processes are still sufficiently powerful. In the dry
interior of Central Asia, accum:lation lage considerably in relation to
tectonic relief formetion. Therefore to be encountered here are non-
compensated depressions which are very unusual for the continent. The
best-known example of such an uncompensated innercontinental depression
i8 the Turfan basin. Its surface is 100-154 m below sea level, although
1t 18 located at the Ploor of the Bogdo Shan renge whose main elevations
attain almost 6,000 m.

Principal Types of Geomorphological Landscapes

Gobi plains. Most of the territory of Central Asia is occupiled
by high plains which have become adapted to the stable massifs or Msso-
Cenozoic depressione which originated on the Paleozoic fold of the base.
These plains are divided into three types: denuded-base, denuded -
stratified, and accunmlative (Map 6).

To the first type delong the plains lying on the thick rocks of
pre-Mesozoic origin., These are areas of stabilized blocks and areas of
Paleozoic folding which were subjected to lifting and erosion in the
Mesozcic and Cenozcic sras, as a result of which their rock base is
either completely exposed or has only a thin broken cover of eluvial and
asolian deposits. Such are the parts of the Tarim plain belonging to
the "oykhartskiy" upheaval, individual parts of the Ale Shan, the lake
district of Western Mongolia, and the Chakhar plain., In the sections
of denuded-base plains where neotectonic movements were more intensive,
a specific type of landscape rose with "beliye", folded ridges, and
hillocks. The plane surfaces called beliye are largely asymmetrical
anticlines on the surface of the plain serving as bases for small rocky
ridges. The anticlines and rocky ridges are of different ages.

~ 19 -




Mzp 6. Geomorphological diagram of Central Asia -
[Legend:/ ' Sl
l--denuded-base plains; _
2--denuded-stratified plains;
3--accumulative plains; o
Y--accumulative and stratified plains (in Tibet);
5--weakly-dissected Gobi mountains with remnsnis of ancient

plain; '
6--strongly dissected fault-block and folded mountains
[Place remes:/

T--Keshgar 8--Yarkend River
9--Ho-t'ang (city) 10--Ind River
1ll--Satledzh River 12--Delhi (city)
13--Genges River 14 -~Chernyy Irtysh River
15--Urumchi (city) 16--Turfan (city)
17--Tarim River _ 18--Cherchen River
19~-Tsangpo River 20v-Ulyasutay (city)
21--Dzabkhan River ' . 22--Khami (city)
23--Lake. Lop Nor ' . 24 --Lake Kukunor
25--Yeng-tzu River ) 26--Dzachu River
. 27--Nagchu River - - 28--Selenga River

- 29--Orkhon River 30--Ulen Bator (city)
31--Edzin-Gol River 32--Lan~chou (city)
33--Hsi-an (city) 34--Kerulen River
35~-Khukh-Khoto (city) 36--Huang Ho (river)

The latter are the primary centers of the elevations which were segregated
in the relief even before the dislocation of the penoplain and before '
the climate of the region beceme arid. The anticlines were formed as a
result of the further (progressive) development of the lifting resulting
from the warping of the peneplain. Between the beliye are situated
extensive flat submergences --"kholai"--which are occupied by enclossd
basins with small lakes and solonchek wastes.

The denuded-stratified type of plains are located in sections of
ancient peneplains which have experienced in the course of Mesozoic and
partly of Tertiary times a prolonged subsidsnce accompanied by the
accumulation of sediments. In the Neocene period they had already been
elevated and subjected to denudation. Thsrefore the original surface of
plains of the denuded-stratified type was composed of sedimentary Pre-
Neocene strata arranged in more or less parallel beds. Very recent
sedimentary deposits are lacking on them or there is only a thin and dis-
ontinuous mantle of eluvium end precipitates of eluvial origin. To
plains of the denuded-stratified type in the Gebi layer belong the
North Dzungarian, Ordos, and E.stern Gobi. Distributed throughout these
plains are flat tablelands (mesas) which rise in solltary fashion among
the newest wind- and water- eroded surfaces end which represent mainly
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remains of the denuded upper layers of the Meso-Cenozoic sedimentary
series. Encountered in parts with a deeper eroded dissection are so-
called "asolian cities"--agglomerates of remnants of diversified, fre-
quently weird shapes. Well known is the "aeolian city" of Orkhu on the
Dzungarian plain described by V. A, Obruchev, and that of Sulgassar in
the Khamiyskiy desert which was discovered by P. K. Kozlov.

The accumulative plaing occupy parts of the foothill basins:
Yorkendskiy, Kucharskiy, Manasskiy, Chiu-Chu-an, and others which are
still undergoing & powerful submergence. The surface of these plains is
covered by thick layers of Neocene and Quaternary alluvial deposits.

The accumulative plains are not homogeneous in structure and are breaking
down into old parts on which the formation of alluvial cover hes ceased
end is now subJected to disssction by river valleys and a gully network,
and young parts where the thickness of the alluvialcover is continually
increasing as a result of the accumulation of sediments., To the first
category belong the foothill zones of basins undergoing lifting, and to
the second the external sinking zones of these same basins.

A special geomorphological complex is representsd by the foothill
zones stretching along the borders between the Gobi plains and the forward
rvanges of the Kunlun, Tien Shan, and Nan Shan. These zones consist of
very young structured formations laid down by depositions before and
duvring the Quaternary era. In consequence of their youth end the arid
climate, these formations have hardly been affected by erosiomn. At the
present time, the foothills are the most active seismotectonic zones. .

The elevations of the foothill zone represent three genetic types:
"adyrnyy" strata--anticlines (Artushskiy type), monoclinal crests--cuestas
(Kel'pinskiy type), and foothill terraces--piedmonts (Cherchenskiy type).
Adyrnyy strata prevail in parts of the foothill zones where there are
depressions with thick layers of poorly-compressed Mesozolc and Cenozoic
deposits. The monoclinal crests--cuestas--are characteristic for foothill
zones locatad outside the Meso-Cenozoic depressions where the newest
moverwrnts affect the platform mantle of rather thick Paleozoic deposits,
prime;ily limestones, which had not previously been subJected to disloca-
tion. The foothill terraces are located in parts of the foothill zones
where there is no sedimentary mantle and the newest movements have affected
the older crystalline or Paleozoic folded base which has outcropped or
which is not buried deeply.

Accumulative plains in the foothill zones are found only in the
western half of Central isia where the newest movements are particularly
powerful.

The Tibetan highlands represent & special geomorphological region ’
which is distinctive smong the other plain areas of Central Asia by
reason of its tremendous altitude and very complex relief. Here a plateau
rising 4,300-5,200 m alternates with mountainous elevationszof various
altitudes. The plateau of Tibet is heterogeneous in structure. Its
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northern part, located between the Kunlun and Tangle ranges, is a
cenuded-base plain laid down by the foldéd complexes of the Paleozoic. -
Predominant in the southern and cantral parts of the highlands are
denuded-stratified plaine formed by the sloping-warping deposits of the
Mesozoic. The lower parts of the enclosed troughs (in all parts of the
highlande) are covered by Cenozoic sediments and belong to the class of
accumulative plains.

The mountains of Tibet are blocks of that gsame denuded plain
(base to the north, stratified to the south), but have a somewhat higher
altitude and are more strongly dissected. /nd although in meny ranges of
Tibet the anclent level surface has been completely broken up, traces of
i1t have nevertheless been preserved In the homogeneous elevated zone which
formed in the distant past a single level surface. The amplitudes of
relative altitudes in Tibet are less than in the Gobi strata and uswally
do not exceed 1,000 m. The character of the dissection of its elevations
charges from the dry Chang Tang towards the boundaries of the regions which
are affected by monsoons, that is, towards the Himelayes and Kam.

Waile in the Chang Tang the summits of the mountalns are massive and
depressed and the slopes steep and rocky, in the Gandisy Shan and eastern
spurs of the Kukushili and Tangla rangee, along with sharp peaks one
frequently finds parts of sloping incline with thick accumulations of
outwash and turf covers. The Tibetan relief is still in the stage of
rising, as is evidenced by the activity of neotectonic movements and the
weakness of leveling processes (eroeion and accumulation).

-With rare exceptions the mountains of Central fsia constitute the
groups of blocks of an ancient peneplain, raised over other groups which
constitute the level stratum., As a result of the predominance of tectonic
liftirg over erosive disintegration, which is weak because of the general
aridity of the climete, the mountains have been dissected to only an in-
conslderable extent. -Therefore unique features are present which are
nowiere else 8o clearly expressed by a fault-block mountain, Everywhere
are encountered the remains of the ancient eroded plain, remains which
are more numerous and extensive the closer a part of the mountains lies to
the arid zone, While in the mountains of the arid internal reglon plateau
surfaces predominate over parts with dissected relief, on the more humid
and more intensively dissected bordering ranges they have been preserved
only in blocks which are not & prominent part of the relief. But even
where the ancient level surfaces have not been preserved, the block-
faulted appearance of the mounta ins is clearly seen in the massive forms
of the summits and the homogeneity of their upper levels.

A terraced composite relief is characteristic of the mountains of
Central Asia. Individual parts of the plateau, with inclined strata,
alternate with rectilinear tectonic benches often several hundred meters
high. The benches, as well as the plateaus, are poorly dissected, particu-
larly in areas having a more arid climate. Sometimes they serve as
boundaries of various geomorphological zones.
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Not only the tectonic benches but also the eroded slopes of the
mountains are very steep and bare, conditions which have been favored by
the great energy of the relief and the desert-type wind erosion.

The widely adopted division of mountainous areas into morphological
types according to altitude (low--up to 1,000 m, medium--up to 2,000 m,
and high--over 2,000 m) is not appliceble to Central Asia, partly because
the general hypsometric level of this region is high and unstable, as a
consequence of which the so-called low-mountain type of landscape is en-
countered at various altitudes up to and including 5,000 m (in Tibet).
Morsover, in arid Central Asia the degree and type of dissection of the
mounteine 1s completely different from that characteristic of thode regioms
of VWestern Europe having a much more humid climate where these three types
wore first differentiated.

In this connection, the vertical zoning of the mountain landscapes
of Central Asia is clearly expressed, but the zones lie at different
heights the megnitudes of which depend, in particular, on the exposure
of the mountains slopes in relation to humid air currents.

In low desert elevations the principal role in the transformetion
of the tectonic relief is played by temporary curients and winds created
by the ramified network of dry ercded valleys and eroded-weathered hollows
and basins. The weak degree of dissection, in particular the slight
depth of incisions, distinguishes these elevations from similar relief
forms in other regions, particularly the Kezakh undulating plains (rig. 1).

Fig. 1. Undulating surface of ancient peneplain in the Gobl Tien Shan.

(Photograph by V. A. Amantov.)

In the medium-mountain zone, river erosion is intensive, dissecting
the slopes with deep ravines, These becoms deeper and move ramifiled es
the altitudes of the mountains increase, and the watersheds are trans-
formed from a compact state to a comblike state. In the high-mountain
zone glacial erosion Is of special importance, having created troughs with
a marine landscape, cirques, and pot holes with hanging velleys and rocky
watersheds with small accumulations of firn in crevices, And although the
relief cf the high-mountain regions of Cemtral Asia (Tien Shan, Kunlun,
and Nan Shan) is very similar to Alpine relief, it nevertheless has its
special features. This relief is distingulshed from the true Alpine type
by the massiveness of the watershed peaks and the inconsiderable (for
such high mountains) recent glaciation.

The elevation along which run the boundaries of the vertical zones
of the mountain landscapss of Central Asia is nonuniform and changes,
depending on the latitude of the locality and the degree of aridity of
its climate, For example, the lower boundary of the distribution of
ancient glaclal landscapes descends from an altitude of h,OOO-h,3OO m in
Tibet and the Central Kunlun to 3,000-3,200 m in the Southern Tien Shan
and to 2,500 m in the Mongolian Altay and Han-bai range.
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6. Quaternary'Depbéits“

The aridity of the climate hes exerted influence even on the
composition of the Quaternary cover of Central Asia, an influence in
which the leading role has been played by various aeolian formations
and depyeits which form under conditions of the absence of running waters.

There is intensive weathering in Central Asia, although it occurs
virtually without the participation of water. The chief factor here is tle
high daily teuperature renge which causes the splitting and scaling of
rocks, DBecause there are few streams here, the products wf weathering
are displaced slowly and usually for only a short distance. Of exceptionsl
slgnificance in Central Asia are the winds, which in the region become
both an important agent of erosion and one of the major carriers of the
products of rock disintegration.

' The composition of the Quaternary cover of Central /eia is very ,
diversified in consequence of the complexity of the structure of its surface
and the variegated landscapes. In the plane section (Gobi stratum),

which lies within the zome of influence of the Mongolian-Siberian anti-
cyclone, there are eluvial formations widely distributed and converted in
one degree or another, and an eeolisn complex consisting of two spatially-
separated phases: sands and loesses. In the mountainous regions there is
a considerable development of talus and glacial deposits. Along the
boundaries of the mountain regions, deposits of alluvial-prolluvial

groups are extensive in several places.

" Eluvial complex of the Gobi. Eluvial formations cover an extensive
area in the north, eastern, and, in part, the central parts of the Gobi
expanse. Their development is promoted by the flat relief and the scarcity
of running water. Because the Gobi eluvium formed in en area having a
very continental climate with the inextensive participation of surface
and ground waters, it is composed only of the products of the physical
weathering of the rocks, so that its physical composition is rather
coarse. Its meln mass is immovable, and only in parts with dune relief is
1t slightly transportable as a result of creeping from the slopes and
vashing by sudden rains.

In the most northerly districts of the Gobi, on the boundaries of
the Mongolian-Siberian barometric maximum, where the anticyclonic currents
are still very weak, the Gobi eluvium constitutes an undifferentiated
formation which has still not been subjected to scattering. In the
northern zone of the sandy deserts (the small sand masses of lestern and
Southern Mongolia), wherein the anticyclonic wind acquires & velocity
great enough to exert a strong effect on the loose cover, the eluvium
loses its fine particles in considerable measure. -However, in the stony
desert regions of FEastern Dzungeriea, Geshun'-skaya Gobi, and Pel Shan,
across which anticyclones frequently reach hurricane force, only the large
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rubble constituting the rocky armor of the stony desert is retained.
In this region of intensive dispersal the wind action affects even the
base rocks, on the outcroppings of which arise groups of sculptured and
perforated rocks alternating with hollows and grooved shapes (Fig. 2)
. Fig. 2. Ons of the forme of weatlering in granites,
Southern Tsaldam Basin,
(Photograph by Chzhun Fu-do.)

The asolian Gobi complex. On the leeward side of the region of
widespread scattered eluvium is found the major area of aeolian accumla-
tion, which is broken up into two environmental zones: an innér zone of
sendy deserts in which the pulverized fraction is not preserved, and an
outer zome of loess accumulation in which the latter is deposited (Msyp 8).

Within the limits of the inner zone are found the Terim, Ala Shan,
Ordos, Tsaidam, end Dzungarian plains, 60-80% of the surfaces of which
are covered by aeolilan sands. In these deserts the sands are distributed
in zones, with different geomorphological bases, different moisture condi-
tions, and different wind systems. Consequently they are not environs
mentally uniform.

Three basic types of sendy accumulations are characteristic of the
desert of Central Asia: ridges, barkhans, and mounds.

"Mep 8. Zones of asolian deposits in Central Asia associated
with the actlon of the Mongolian-Siberian anticyclone.

[iegend 7Regions of intensive scattering: 1l--zone of stony
deserts; regions of aeolian accumulation, 2--zone of
sandy desert; 3--loess zone; U--mountain regions lying
beyond the boundaries of the regions of aeollan .
accumulation; 5-~direction of winds of the Mongolian-
Sibsrian anticyclone; 6--main dirvections of barkhans.

[Plece names:/

7--Kashgar
9--Ho-t'ang (city)
1l1--Satledzh River
13--Ganges River
15--Urumchi (city)
17-~Tarim River
19--Tsangpo Rivere
21l--Dzabkhan River
23--lake Lop Nor
25-«Yang-tzu River
27 -~Nagchu River
29--Orkhon River
31--Edzin-Gol River
33--Hsi-an (city)
35--Khukh-Khoto (city)
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8--Yarkend River
10~-Ind River
12--Delhi (city)

1k --Chernyy Irtysh River
16--Turfan (city)
18--Cherchen River
20--Ulyasutay (city)
22--Khami (city)

2l --Lake Kukunor
26--Dzachu River
28--Selenga River
30--Ulan Bator {(city)
32--Lan-chou (city)
34--Kerulen River
36--Huang Ho (river)




Sznds of the ridged type form present elevations with altitudes of
up to 150 m and base widths of up to 1 km, The ridges are separated
by longitudinal troughs ("bairi") within which the sandy cover is fre-
quently broken and the base rocks uncovered. Many blocks of ridged sands
are called "Kumtag," which in the Uigur language means "sandy mountains,"
The ridged sands are spread through the eastern half of the Takla-Makan
desert and on the western boundary of the Ala Shen desert (Karagobi and
Badanchzhareng) belonging to the interior region of the Gobi expanse
within which the anticyclonic circuletion is not complicated by air
currents from other directions.

. Sands of the barkhan type have a pecul*ar crescent ~shaped form,
heights of 5-10 m, and are grouped in series. As a rule, the masses
of barkhan sands are located on the exterior side of the zone of sandy
deserts nsxt to the zone of loess accumulation, where the weakened anti-
cyclones are interrupted by strong air currents coming from beyond the
boundariss of Ceantral Asia. The alignment of the barkhans does not
always depend on the direction of movement of the anticyclone. In
the Yarkend plain, for example, a strong effect is exerted on them by
the northwestern winds which penetrate here from Middle Asia through
the Alayskiy wind gap.

The third type of sandy accumulations consists of separated
mounds having conical forms and heights of 1-5 m and forming broad,
now very dense, now very sparse clusters. Located on each mound is a
thicket of desert vegetation, mostly tamarisks. The sand mounds are
formed where the level of the ground water is sufficisntly high, e.g.,
on the bounderies of the valleys of the main rivers (Torim, Khotan,
Edzin-Gol, and others) and also in the vicinity of small temporary
lakes ("takyri") and solonchak wastelands.

In part the morphology of the sandy accumulations is defined by
the character of the relief of the base surface: eroded plains with
an abundance of irregularities promote the development of the ridged
type, while the accummlative types, possessing a smoother surface, favor
the formation of moving barkhans.

The granalar composition of the sands becomses coarser, the closer
‘they approach the zone cf rocky deserts.

The aeolian sands of Central Asia, as has bsen shown by & minera-
logical study, vere basically formed as a result of the frequent
scattering of the lake and river deposits of the Gobi plains and the
dispersal of the weakly-cemented sandstones of the Meso-Cenozoic complex,
which outcrops in sections of hilly relief. The sandstone sands of
Central Asia arose mainly not in consequence of a movement of sands
from stony deserts, but as a result of the origin along with them of
foci of dispersal and sand accumulation which combined into extensive
masses as they increased in size. The aeppearance, however, of new. foci
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of sand accumvlations was caused by the progressive desiccation of the
Gobi, which has manifested itself, in particular, in a contraction of
the water balance of the rivers and in a lowering of the ground-water
level. As a result, the friable deposits, receiving no water and de-
prived of a vegetation cover became accessible to scattering action.

The loecsses constitute a very small fraction of the asolian forma-
tions of the Gobi desert, that fraction most removed from the sources
of their formation. The mein masses of loesses are found on the southern
margin of the desert, on the leeward side in relation to the Mongolian-
Siberian anticyclone where the latter, already extremely weakened, en-
counters a barrier in the form of high mountains. Corresponding to the
two flows of the anticyclone--the western, which blows over the deserts
of Takla-Makan, and the eastern, which moves over the Ala Shen and the
Ordos-~there are also two spatially separated regions of loess develop-
ment: +the Kashger region embracing the northern slope of the Western
Kunlun and the southwestern part of the Tarim plain, and the region of
the loess plateau of the Northern Sheng-hsi and Eustern Ken-su with the
ad Jacent slopes of Liu-lien, Ching-lin, Eastern Kunlun, and the south-
eas8tern spurs of the Nan Shan. Loess has accumulated in these regions
under various climatic conditions and on a different geomorphological
base which defines the diversity of its genetic types.

According to their manner of bedding and the relative importance of
the aeolian and prolluvial-alluvial formations, the loesses of Central
Asia can be divided into three main types: mountain loesses, plateau
loesses, and loesses of the alluvial (irrigated) plains.

Mountain loesses cover extensive areas on the northern slope of
the Yurkend sector of the Western Kunlun (east of 94° E. long), on the
eastern spurs of the Nan Shan, on the northern slope of the Ching-lin,
and on the western slope of the Liu-lien. In all the ebove areas the
loess layer covering the ancient broken dlssected relief 1s almost con-
tinuous. Only those parts of the steep slope are free from loess on
vhich it 1s not retained but rather slides off. As & result of the non-
wniformity of the surface on which the loess layer lies, its thickness
is not constant. It diminishes on steep slopes and increases on gentle
slopes, the greatest thickness amounting to 20 m. Analogous changes in
the thickness of the loess layer are to be observed aleo on slopes of
different exposure. On the slopes of elevations exposed to enticyclones,
the thickness of the loess layer is less than on slopes protected from
the wind. Therefore in the Eastern Kunlun the layer of loess is thicker
on the eastern slopes and in the Western Kunlun it is thicker on the south-
western.

The areas of mountain lossses are considerably less than those
occupied by plateau loesses, a circumstance resulting from the less
favorable orographic conditions for loess accumulation on on mountains.
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In the Kunlun loess is found only on the northern slopes of the
rarges bordering.the Gobi desert and is &bsent from the interior ranges
lying beyond this orographic barrier. On the forward ranges loess ex-
tends up to the watershed summits, reaching altitudes of 4,000 m or more.
Moreover, it covers the sides of the troughe of ancient glaciers and their
moraines but does not reach the zone of contemporary glaciation. The
content of sand grains and their diameters in mountain loess diminishes
in accordance with movement into the interlor of the range and towards
its watershed summit.. , :

Plateau loess is widely distributed in the Northern “hensi and
Eastern Kansu where high, extensive plains, dissected by relatively
shallow river valleys, border sandy deserts, The flat relief of the
plateaus has promoted the spread of loesses over a large territory and
an intensive accumulation . (layers 60 m thick in places). In this area
the loess in large part extends beyond the borders of Central Asia,

The loess cover of the plateaus is subdivided by Chinese investi-
gators into two forms: sang-meng, consisting of reddish merlaceous loams
(red stone'loess, in Chinese "hung-shih-tu" ), and maleng, formed from
grayish-yellow loams (typical loams, in Chinese "huang-tu"). The first
type is found only within the limits of plateaus and places situated
close to the lower-lying alluvial beds of the Pliocene, while the second
covers even the slopes of the surrounding highlends. The sang-meng type
forms the foundation of platsaus dissected by river and gully systems.
Melang loess covers the sang-meng type only on watershed expanses and on
the suxfaces of upper terraces, while on the benches of plateaus and
terraces it covers it with a mantle. The lower terraces of valleys which
dissect the plateaus are covered with stratified loesslike rocks of eluvial
origin, constituting in part the product of the redeposition of malang
and sang-meng loesses. ‘

Loesses of the malang type contain & mixture of sandy particles
the volume and sizes of which increase with proximity to the deserts of
the Ordos and Ala Shen. On the Ching-lin and Liu-lien boundary, lossses
of the malang type change into mountaih loesses which do not extend here
above 2,000 m. :

The loesses of the irwvigated plains are distributed only in the
western part of the Tarim plain, which is irrigated by the rivers of the
Kunlun and Tien Shan. Here they can be traced through a wide zone be-
tween the foothill conglomerate diluvial-deposit strips and sandy deserts
of Takla-Makan. Hore the loesses lie on an ancient Quaternary alluvial
layer but have been covered by young barklen sands. Along the foot
of the mountains the layer of lcess is 30 m thick in places. The loess
has irregular stratification and contains lenses of alluvial sands and
even gravels. With increasing distance from the mountains, the thickness
of the loess layer is reduced, at first to 12-10 m, and to 64 m deeper
into the plain, In addition, the stratification becomes more regular
(parallel), finer, and more distinct, and the fine seams of fine-grained
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sands which are a part of it acquire a sheetlike form. This facies composi-
tion of the loess layer of the Tarim plain is evidence of its primarily
prolluvial-alluvial origin. It i1s clear that in this region, which is
comparatively well-supplied with running waters, part of the aeolian dust
carried off the sandy and stony deserts has been subJected to alluvial
accumulation.

Loess accumulated during a considerable part of the Quaternary
period. This process began soon after the major stage of glaciation, as
i8 evidenced by the mantles of mountain loesses on the old moraines and
on the upper terraces of the river valleys which carry fluvial-gleclal
conglomerates.

The process of loess accumulation is continuing even at the present
time. Over the sandy and stony deserts arise thick dust clouds which are
constantly in view over the southern areas of the Gobi., The loess dust
18 held in the air for a considerable time, strongly worsening visibility
and hampering breathing. Only with the advent of a lengthy calm or a
change in pressure and humidity does it settle, covering everything with
a fine layer and coloring the landscape a uniform grayish-yellow color.

Mountain complexes. Completely different ls the facies composl-
tion of the Quaternary cover in the mountein regions of Central Asia
(in the Tibeten zone of relief), where as a consequence of the great
variation range of relative altitudes and the steepsess of the slopes,
physical weathering is very intense. Here is formed much rubble material
which sporadically moves down the slopes. Gradually sliding into the
valleys, the masses of rubble fall within the sphere of action of ice and
running water, which move them farther into the area of accumulation.

In the mountainous regione the character of the most recent sedi-
mentation and the processes which prepare material for it, depend a great
deal on altitude. In thebetter-watered high-mountain zone the weathering
process, as a result of some participation by water, proceeds more in-
tensively than in the strongly submerged central zone of the mountains.
(The landscape of the lower zone of mountains in Central Asia coincides
with that of the interior elevations of the Gobi zone.) For the seme reason,
the portability of the rubble material in the high-mountain zone is
greater than in the medium-mountain. In the first the rubble is carried
by ice, snowslides, and river waters; in the second it only slides along
the slopes under the influence of its own weight or is carried for short
distances by temporary water flows, Therefore in the high~mountain zone
a leading role is played not only by talus, but also by glacial and
alluvial depositions; and in the medium-mountain zone by alluvial and
alluvial-prolluvial depositions. Moreover, in the high-mountain zone the
accumulation of deposits is facllitated by wide valleys with gentle
channel slopes in which rubble can be carried for greater distances and
spread over considerasble areas. In the medium-mountain zone, where glacial
troughs are replaced by narrov erosion valleys, the areas of accumulation
of young sediments are sharply reduced.
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Beyond the boundary of the distribution of high- and medium-
mountain ccmplexes there begins the plain to which the anclent glaciers
crept, a plain which within the territory of Central ssia has no definite
hypsometric location in consequence of climatic variations,

The Tibetan highlands, on the basis of types of Quaternery accumu-
lations, belong to the high-mountain zone. Landslide and glacial deposits
are spread over their ranges, and on sections of the plateaus a thick
layer of conglomerates and clays, often finely interbedded, is found.

The lower part of the stratified layers of the plateaus accumulated

from coarser fluvial-glacial types of sediment; and the upper, from fine
limonitic types. In the upper horizons, the layers, corresponding to the
most arid period, are found to be composed of saliferous deposits (with
borates, potash, etc.).

The moraines on the high plains of Tibet which were also subjected
to glaciation (at an early stage) are not widespread, evidently as a re-
sult of the fact that the glacial masses which covered them were stationary.

The stratigraphy and geomorphology of uaternary deposits of
various genetic types show the successive advances of mountain glaciers
and the gradual assumption of a leading role in the processes of erosion
and the accumulation of glacial and river erosion. Vhile on the upper
terraces glacial deposits (moraines, fluvial-glacial series) are en-
countered almost everywhere, on the lower terraces they are distributed
only in the upper reaches of valleys, beyond their boundaries behg replaced
by river alluvial deposits.

Alluvial-prolluvial deposits of the Gobi plains. The sedimentary
material which originates in the process of disintegration in mountain
regions is carried onto the Gobi plains where it forms a layer of alluvial-
rrolluvial deposits. The distance to which sedimentary material is
carried out onto the plains, like the intensity of the processes of its
formation in the mountains, varies in accordance with local climatic
conditions. In a similar orographic situation, the disintegration of
mountains and the bearing away of sedimentary material from them is more
intensive, the more precipitation a given region receives and the greater
the abundance of running waters. And because in Central Asia river erosim
is strongest in the highest ranges of its mountain framework, the ma jor
froats of the bearing away of sedimentary material are adapted to these
ranges. Thick accumulations of alluvial and prolluvial material are
found on the foothill plains adjacent to the Vestern Kunlun, along both
8lopes of the Tien Shan, and on the foothills of the northern rangee of
Nan Shan. '

In the eastern half of Central Asia, where the surrounding mountains
are lower and their slopes, which have been transformed into desert, are
narrow, the accumulation of alluvial and prolluvial meterials is incon-
giderable. The only exceptions to this are the Yin-chuvuang, Wu-yuan, and
Seradzhiyskaya depressions through which flows the Huang Ho, which forms
here a broad alluvial plain.
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On the relatively well-watered -sections.of the foothill plains,
the alluvial-prolluvial complex consists primarily of channel conglomerate
and sanda reaching several hundred meters in thickness. Depending on the
degree of movement towards those sections of the plains which lie opposite
arid mountains, the leeding role is assumed by the carrying power of
temporary water courses, whereby the thickness of the accumulation is re-
duced to a tenta.

The alluvial-prolluvial deposits of the foothill plains reveal
clear facies zonality, associated with the successive diminution of the
steepness of sedimentery matsrial with increasing distance from the
mountains, Along the fcothills of the mountains stretches a rocky
diluvial depcsit strip consisting of numerous alluvial fans of sediments
rartly coalescing. The upper parts of the fans are composed of conglom-
erates and gravels with boulders; and the lower, of sand and gravel.
Farther into the depth of the plain up to the border of the sandy desert
lies a zcne of loess-type loams which represent deposits of broad river
bottoms and small temporary lakes ("takyri"). The width of each of these
zones changes frequently and within large limits, depending chiefly on
the sizes and systems of the water flows which form the fans in a given
section,

The boundaries of the facies zones of the alluvial-rrolluvial com-
plex of the foothill plains ere not stable. A comparison of the strati-
graphic reserves of this complex belonging to various sections of the
plains shows that the coarse deposits (conglomerates and sends) vere lo-
cated farthest from the mountains in the sarly Quaternary pericd. Later,
as a comsequence of an increase in the aridity of the climate, which caused
a reduction of the volumes of water in the rivers, the dispersion area
of the coarse deposits began to shrink and its front gradually retreated
to the foothills of the mountains. As a result of the movement over them
of loess clays, the ancient Quaternary conglomerates and sands were covered
in a broad zone and later were even buried in a large area by the aeolian
sands which were advancing in the same direction, The subsequent intensi-
fication of the aridity of the climate caused also a change in the
composition of the coarse-sedimentary facies of the foothill zone. In its
lovwer horizone this zone is composed of alluvial conglomerates; and in its
upper horlzoms, of angular, poorly-sorted prolluvial rubble.

In the period of a relative increase in the humidity of the climate,
wkich came after the main glacial stage, broad lakes were spread over the
Gobi plains, lakes which now have either been transformed into small
relic water reservoirs or have completely disappeared., These lakes were
located in the enclosed lowlands into which even at present the main
rivers flow (Bol'shoy Lop Nor--on the lowsr course of the Tarim; Bol'shoy
Jkhekhak--on the lower course of the Dzinchan; Bol'shoy Gashun-Nur, on the
lower reaches of the Edzin-Gol; and others).
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It has been established on the basis of a study of the largest
of them, the Bol'shoy Lop Nor that three stages were present in the
development of the ancient lakes; the yardeng, corresponding to the
VWurm stage of glaciation; the prehistoric; and the modern. The yardang
stage, in the course of which the lakes reached their maximum sizes, is
correlated with a layer 5-10 m thick consisting of gray fine-grained
sands interbedded with straw-colored silts. Formed in the prehistoric
stage was a layer of brown salts and clays, which has disintegrated and
resembles a plowed field. On the bottom of the present lakes there lies
a thin salt ooze, .

The contours of the lakes at various stages are well expressed
geomerphologically, thanks to the embankments and terraces and the
stratified arrangement of the beds of the water bodies themselves. In
a lake bed the yardang stage is incised less in accordance with the area
of the bed than the prehistoric lake, which in its turn encloses a small
present-day body of water. ‘

Volcanic rocks. Evidences of Quaternary volcanic action are
numerous in the eastern regions of Central Asia: on the Dari-kangki
rlatean and on the Chakharskiy plain, in the Han-hai mountains and in
the Valley of lLakes. Such evidences are noticeable also in the Kunlun
(frka Tagh, region of the sources of the Keriya River, basin of the
Karakash River), on the Tarim plain (vicinity of the town of Keriya), and
in the Chiu-chiuvan depression (west of the oil-bearing deposits of Liao-
chun-mieo), In some casSes lavas occur in the form of streams, having
issued from small craters located in groups on fractures; in others, they
fill crevices. The composition of the lava varies from basalts to
andesites, ;

The eruptions of uaternary lava occurred at different times: both
in the period of loess accumulation in which are found intrusions of
tuffaceous elements, and very recently, perhaps in the historical period.
Evidence of the youth of the eruptions is the freshness of the volcanic
cones, which have not yet been affected by weathering, the position of the
lava flowse, which in places descend to the lowest terraces amd diked
valleys, and the placer deposits of tuffaceous sand which lie directly
on the surface of the plain.

7. Soils

Characteristics of soil formetion in Central Asia. In Central Asia
the soil formation process occurs under the conditions of a severely
continental climate which results in a predominance of physical veathering
over chemical. This results in the formation of specific desert types
of soils, poor in organic substances and containing many skeletal elements.




As a consequence of the fact that the surface layer receives almost no
moisture in the course of the year, the processes of soil formation

here proceed very slowly. They become more active only during the short
rain periods which occur in the northern and eastern parts of Central
Asia in July and August, and In the southwestern part in May and June.
But even during these pericds only an insignificant amount of moisture
participates in the soil formation process, because the greater part,
falling in the form of rain, evaporates and the insignificant portion
absorbed by the deposits quickly seeps through them into deeper horizons.

In consequence of the absence of moisture, the mineral mass
originating as a result of physical weathering, does not disintegrate;
hence the local soils have virtually no fine-grained formations.

Neither is the development of soils in Central Asia promoted by its
vegetation cover, which is extremely sparse and even wholly absent over
large areas. Therefore the sierozem type of soil formation is dominant
here, taking place almost entirely without the aid of vegetation and
with an insignifically small content of organic substances,

A damaging effect on the soil cover in Central Asia is exercised
by the strong winds which in some regions (in the zone of intensive
dispersal) blow away its fine-grained particles end in other regions form
aeolian deposits on the soil (on the periphery of the anticyclone zone).
In the mountain regions of Central Asia the soil-formation process is
inhibited by the great steepness and precipitousness of the slopes,
on which the products of decomposition of the basic rocks cannot get a
footing. In general, the soil cover in Central Asia is broken, thin, and
in vertical section poorly differentiated.

The basic zonal type of soils in Central asie is sierozem, which
is formed in rgions where the climate is Hf maximum aridity. And only
on the eastern margin of Central isia, which has the character of a semi-
desert, is the humus content of the soll somewhat increased and sierozem
replaced by chestnut soils. .

Also prominent among the group of desert soils of Central Asia
are saline soils and solonchaks, vhich cover numerous enclosed depressions.
On the high interior uplands mountain chestnut soils are widely distri-
buted and spread throughout the desert group in small islands.

The boundary of the Central Asiatic sierozems and chestnut soils
coincides with the line which limits the territory receiving less than
200 mm precipitation annually. To the north this desert-soil mass
borders on ‘the chestrut soils of the steppes; and to the south, on the
mountain-meadow and mountain-forest soils, beyond which spreads
farther a zone of red and yellow soils of subtropical forests and savannahs.,

Sierozems. The Central Asiatic mass of silerozem soils is one of
the largest in the world, It extends across 35° of latitude and 23° of
longitude. The facies of these soils is heterogeneous because they
developed in regions with varying relief, on different geological and geo-
morphological bases, &t various latitudes, and in areas which differ
in their orientation with respect to the Mongolian-Siberian anticyclone.
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The temperature system of these soils varies as a result of the great rangs
of variations in altitude, and is divided into two groups: sierozems of
the hot desert, which have developed on the Gobi plains and on the slopes
of lower elevations and the sierozems of the cold desert which are
characteristic of the Tibetan zone.

In their turn the sierozems of the hot desert are subdivided on
the basis of climatic conditions and geomorphological bages into three
types: Dzungarien, distributed through the moderately hot plains of the
northern zone (Dzungaria, Trans-Altay Gobi, Khamiyskaya depression), one
of intense scattering; Terim, indigenous to the plains of the southern
zone (Tarim plain, Kansu corridor, Ale Shan), lying partly in the zone of
aeolian accumnlations; and Kyrovyy, found in the interior highlands of the
Gobi desert and on the lower slopes of its surrounding ranges (Map 9).

Sierozems of the Dzungaerian type are distinguished by a low
carbonate composition and unusual skeletel elements originating as a con-
sequence of the blowing off from eluvium of clay and sandy materials,

One of the main forms of these sierozems are the stony soils of the
"gammady" [Etony deser§7 occupying wide areas in Eastern Dzungaria,
Trans-Altay Gobi, and in the Khamiyskaya depression. Their upper layer
represents an accumulation of gravel and rubble, covered by & barren
sun-blackened Film. Only in its lower layer does it possess a thin sandy
layer with an insignificant mixture of humus (less than 1%). The layers
of Dzungarian sierozems are thin and often broken by upthrusts from the
rocky base.

Sierozems of the Tarim type are light and resemble those of a edlt
flat, containing many carbonates and very little humus. Skeletonization is
moderate.. /mong them clay and sandy varieties predominate, the gravel tyms
being encountered only rarely and near mourtains. The maln mass of siero-
zems of the Tarim type are found in areas of the development of prolluvial-
alluvial loesses of the foothill plains. Here these soils are somewhat
thicker with marks of differentiation into 801l horizons. Along the
boundaries of the Takla-Makan, Bedanchzhareng, and Tyngeri deserts salt-
flat type sierozems are covered with aeolian sands.

Kyrovyye sierozems develop on the diluvial cover of desert uplands;
therefore they contain many skeletal elements. The carbonate composition
is nonuniform and varies from low, in the northern regions, to large, in
the southern (Xunlun, Altyn Tagh, Nen Shan). Their humus content is in
general inconsiderable but increases somewhat with increasing altitude
(up to 2%). The distribution of the soil layer in the regions of Kyrovyye
sierozems is broken and insular in places. The sierozems are spread among
broad areas of rocky-slopes and moving block talus. Their thickness varies
but is generally thin. The upper boundary of sierozems of the Kyrovyye
type does not have a definite hypsometric position. With increasing cli-
matic aridity and southward movement, the altitude of the upper boundary
of the distribution of Kyrovyy slerozems increases. On the dry slopes of
the Central Kunlun, Altyn Tagh, Western Nan Shan, and the southern chain of
the Tien Shan system it reaches an altitude of 3,000-3,500 m, but on the
8lopes of the Gobli Altay, the northern chain of the Tien Shan, and the
Southern Han-hai it does not rise above 2,000 m.
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In areas of the development of plain sierozems of the hot-desert
tyve large areas are occupied by aeolian sands in the deserte of Takla-
Makan, Dzosotyn-elisu, Badanchzhareng, and others. The greater part
of this is acattered sands, dry and therefore bare. Scil formation
takes place only on small masses of brown sands on which, thanks to the high
water table, scrub vegetation appears, enriching the soil with salts and
humns, _ _
Sierozems of the cold deserts of the Tibetan highlands (Chantan)
and Zastern Pamirs are found in large masses only on plateaus and the
gontler mountain slopes. However, in parts with alpine relief, constituting
kere in over-all complexity an enormous area, virtually no soil cover
develops. _

Sierozems of the high-mountain cold desert contain little humus
and few carbonates. Near mountain slopes they are friable and coarsely
skeletal, while a little lower on plateaus they constitute sand and
loam mixtures with solonchak-meadow soile around lakes, In general,
even in the Cheng Tang the soil cover is poor; it is thin and broken.

On the boundary of the moist regions of Kama, the Trans-Himalayes,
the Western Pamirs, and the Western Tien Shan, sierozems gradually give
way to mountain-meadow soils which are considerably leached and contain
much humus.

Brown soills. These are distributed throughout the semidesert
eastern half of Central Asia. They cover almost all of the Fastern Gobl
end Chakhar plain, the lake plains of Western Mongolia, and the
eastern half of the Ordos. Brown (and the succeeding chestnut soils)
are well developed in that area of Central Asia, particularly as a result
of the relatively low height of the bordering orographic barriers of the
Han-hei, Heng-te, Bol'shoy Khingan, and Liu-lien, which cause here a
gradual chenge in climate from humid maritime to the arid Central Asila
type. In the western half of Central Asia, surrounded by the high ranges
of the Kunlun and Tien Shan, the climate changes more sharply. Conse-
quently there the types transitional to its slerozems (brovn soils)
are poorly developed and in places completely absent.

Soils which develop in the complex with the brown soils include
the saline-solonchak group and chestnut mixtures, The former replace
them in the lowest sections of the enclosed basins; the latter, on the
upper slopes of the mountain slevations and on their summits. The
brown soils themselves are heterogemeous in composition and morphologi-
cal features in consequence of variations in orographic conditions and
the geological structure of the substrata on which they have developed.
On the slopes of hills and undulating plains these soils represent strongly
rubble-filled and sandy vaerieties poor in fims soil particles. The soil
layer here is thin and frequently interrupted by the outcroppings of base
rocks. On the plains and lower slopes, brown soils are of the loam types,
although they always contein a small amount of skeletal elements. These
varieties form a thick eluvium which better facilitates their differen-
tiation. '
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Found along the edges of enlosed basins occupied by solonchak
vastelands are saline varieties of brown soils with a more densely-layered
structure in their upper horizon and containing many highly-socluble salts.
The humus content of all varieties of brown soils of the Gobi ranges
from 0.4 to 0.9%. 1

Sotonchak and solonetz soils. Saline soils are widely distributed
in Central Asia, covering up to 15-12% of the surface in some regions.
Most of the solometz and solonchek soils are concentrated in the somewhat
more humid zone of the semidesert with brown soils, In the most arid
region of Central Asia with its sierozem type of soil formation, solonchak
and solonetz soils are rarely found. Here separate, although of'ten very
large, masses of them are found in the lower courses of the main rivers
(Lop Nor lowland, basin of the Ezdin-Gol lakes, the lower course of the
Su-le Ho) or on the landlocked parts of foothill depressions (Southwestern
Tsaidam) .

The lower parts of basing and depressions within which the surface
and ground waters are in a stagnent condition become saline. The solon-
chak soils originate in enclosed depressions where even now an excess of
ground moisture periodically occurs. In ereas, however, where the ground-
water level has fallen, solonetz soils are found with clear indications
of the salinization of the soil profile and the breakdown of its previous
structure. Solonetz soils therefore lie above solonchak soils in the
enclosed basins and border them. '

In the most arid regions of Central isia--Gushun'skaya Gobi,
Eastern Dzungaria, Khamiyskiy depression, and Pei Shan--solonetz soils
predominate over solonchek and in places have displaced them entirely.

Solonetz and solonchak soils contain carbonate, sulfate, and chloride
salte in concentrations which often reach 15%. In the interior districts
of the Gobi, chloride salification predominates, while in the less arid
surrounding regions the soda and soda-sulfate types predominate,

Movntain chestnut soils occupy & large area in the Mongolian and
Gobi Altay, on the Dzungerian and Iliyskiy slopes of the Tien Shan, in
Western Kunlun, Eestern Nan Shan and Ying-shan. Soil-formation condi-
tions in these mountains are very. complex as & result of the sharp
dissection of the relief and frequent changes in the depth of the base
rocks and their petrologic composition. Therefore in mountainous areas
the soil-layer development is noncontinuous, and the thickness and

. mechanical composition of the s0il are subJject to cconsiderable fluctua-
.. tions. On the spurs of slopes and in the valleys which have formed in
“areas of rock outcroppings very subject to weathering, the Boil layers
are thicker and contain more fine particles. As the slopes become steeper,
the soil layer diminishes and its rubble content increases.

Mountain chestnut soils form a compact sod cover on the slopes,
Usually they are grayish-brown in color and have a lumpy texture and
shallow beds of carbonate horizons. Their humus content is variable and
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changes in accordance with the orography of the locality, exposure of
the slope, thickness of the fine-particle layer, and the general altitude
of & given mountain massif and: its geographical position in relation to
the center of aridity of the Gobi desert. ' ,

History of the formation of the soil cover. The stages of the
continentel development of Central Asia include the Cenozoic and Mesozoic
and, in some sections, even the Upper Permian period, Therefore the
processes of soil formetion began here very long ago. However, this pro-
longed process has not resulted in the formetion of a thick, well-developed
soil layer because of unfavorable geological and climatic conditions.
Above all, the development of the soil cover in Central Asia was hampered
by the activity of geological processes, In the'zones of subsidence,
strong accumulations of sediments systematically buried the soil cover,
which bhad not yet developed successfully, and in the zones of elevation
there was intensive denudation, which continuelly removed the soil.
Geological processes were especially active in the orogenetic period which
set in with the Oligocene period and hes continued to the present.

Nor has the aridity of the climate of Central Asia favored the
development of the soil cover. With increasing climaetic aridity, the
processes of soil formation gradually slowed down. At present they have
ceased almost completely. The already formed soils, as a result of
active neotectonic movements and the drying of the climate of localities,
have been broken down by weathering (Eastern Dzungeria, Gashun'skaya Gobi,
and Pel Shen) and erosion (Ordos and the loess plateau of Northern
Sheng-hai).

8. Vegetation

As a consequence of the dominance in Central Asia of a sharply
continental and arid climate, conditions for the existence of vegetation
here have been very unfavorable. Throughout the entire growing season
vegetation here suffers from a serious lack of moisture. The normal
development of vegetation is hampered also by wide temperature fluctua-
tions which subject growths either to extreme heat or to extreme cold.
Vegetation development is limited also by the considerable ekeletal com-
rositicn and salinity of the soils and ths broad expanses of traveling pands,
on the plains and the bare rocky slopes in the mountains, The main part
of the Central Asiatic desert is completely sterile and therefore has no
vegetation. Vegetation nestles in the channels of temporary water
courses and in various depressions in relief having somewhat more under-
ground moisture. . ‘

Only a few types of plants are found in Central Asia; these possess
the ability to survive with the meagre soil moisture, to flower quickly
in the short period of trifling summer precipitation, and to root in
the stony, sandy, and strongly saline soils of the desert.
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The prolonged existence of such desert conditions in Central Asia
has promoted the emergence and selection of vegetation of the xerophytic
type and the appearance of distinctive drought-resistant flora, few in
range of species. ZXeromorphy can be observed in one degree or another
among all the plant families distributed throughout Central Asia. Usually
this is expressed in a reduction in the size or the complete loss of
leaves, the development of a cover of fine hairs, the distention of the
leaves and pedicles, the formation of a branching root system proptrtionate
to the size of the surface parts of the plants, and a considerable devel-
opment of tissues to protect the individual orgens of the plant from
burning or drying.

The main forms of Central Asiatic flora are the perennial xerophy-
tic bushes and underbushes belonging to the "kamnelyuby," "peskolyuby,"
(gmmophilg arenaria) and "solelyuby." Annual plants do not play any
noticeable role in this area, and only in years of relatively heavy pre-
cipitation do they appear in considerable quantity in individual arees,
resembling in some degree the Spring ephemerals of the Central Asiatic
desert.

The exceptional variety of natural conditions creates extreme
irregularities and a mosaic guality in the distribution of the vegetation
cover of Central Asia and its variegated, frequently sharply varying,
speciles,

The irregularity in the development of the vegetation cover in
Central Asia is the result of the following:

(a) solar changes in climatic conditions, associlated with variatiors
in the latitude of a locality, which changes by more than 20° between
the Ubsa-Nur basin and the Trans-Himalayas;

(b) climatic chenges associated with the donsiderable altitude
of the general surface of Central Asia, amounting to an average of 1,200 m
in the Gobi and up to 5,000m in Tibet;

(c) differences in seasonal precipitation, which in the eastern
half of Central Asia, subject to some monsoon influence, falls primarily
in summer; and in the spring on its western margin where, although in-
onslderable, some influence on the climate of the regions of Atlantic

- circulation is felt;

(d) the different exposure of the mmin mountain chains, which de~
termines the directions of the movement of air masses. Ranges which lie
laterally to the air currents block their movement, while mountain chains
stretching parallel to them do not. The importance of this factor is
clear in the example of the deep penetration ofddesert types of vegetation
from the north into the lake plains of Western Mongolia. This is a con-
sequence, on the one hand, of the orographic isolation of this area from
regions with comparatively moist climates, and, on the other, its accessi-
bility to air currents from the desert. Exactly the same phenomena ex-
plained such paradoxes of Ngrthwest Mongolia (observed by A. A. Yunatov)
as the presence of saxaul 2 north of the southern boundary of the habitat
of larch and the presence of a dwarf-halophyte desert one degree of lati-
tude from a pine taigs;
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(e) the varying exposures of individual mountain slopes with
respect to different air currents. The slopes of ranges exposed to
hot and dry desert air (for example, the Tien Shan and Kunlun ranges,
which face the Takla-Makan desert, or the northern slope of the
Nan Shan,_ﬁhiqh is ‘subJject to winds from the Ala Shan desert), are for
the most pert barren, while the opposite slopes, protected from desert
winds ‘and subject to the influence of exterilor, more humid air masses,
ere covered with steppe vegetation and in places with forests.,

Fig. 3. Stony desert /garmada/ of Eastern Dzungaria.
And here such paradoxical phenomena are to be observed as, for example,
the contact on a watershed of a range of an alpine meadow and & desert
steppe; o
(f) the salification of soils in enclosed basins., In Central Asia
all types of soils are saline to ome degree or another, as are some
Quaternary beds and Tertiary and Cretaceous deposits. This exceptional
salinity of the substrata is reflected in the species of local plants
among which halophytes are prominent., The island character of the
distribution of the strongly saline soils is one of the mejor reasons
for the moseic quality and variety of the vegetation cover of Central
Asia.

However, despite all this, regional zones appear in the vegeta-
tion cover of Central Asia. Towards the boundaries of the arid reglon
the extent of the vegetation cover increases as does the importance
therein of the less drought-resistant types. This concentric zonelity
reflects the landlocked character of the arid region of Central Asia
and its location in reletion to areas with humid or only moderately dry
climates. ' . ’

In Central Asia three major types of desert can be distinguished:
hot deserts, encountered within the Turkestan climatic province; moderately
hot deserts of the Dzungarian climatic province; and cold deserts in
Tibet. Each of these major types of desert is in turn divided into
stony deserts ("gammady"), mountein (rocky), sandy, and clay deserts
(Mep 10).

Stony deserts /eammady"/ are one of the most typical types of
Central Asiatic deserts, distributed over broad expanses of both the
hot Turkestan province and the moderately hot Dzungeria and Ala Shan,
Stony deserts occupy particularly large ereas in the Nomin-Gobi,
Turfan-Khamiyskiy basgin, and in the intermountain valleys of the Pei Shan.

"Gammedy' occupy the most arid regions in Central Asia and those
most subJect to storms. The dry, hot, and windy climate is unfavorable
for the development of vegetation on these stony deserts, which are
very strongly dissected and monotonous. The greater part of a stony desert
is either completely barrén or colonized by isolated, strongly stunted
species (Figure 3). The vegetation is concentrated primarily in the dry
beds of temporary streams, which comparatively often are found around '
elevations but rarely on the plains. On the latter one may sometimes
travel tens of kilometers without encountering & simgle high plant.
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The most cormon and, in places, the only, living plant forms of
the stony deserts are xeromorphic bushes and underbushes. Videly dis-
tributed throughout the stony deserts of the Djungarien climatic province
is saxaul, which forms distinctive saxaul deserts (Mep 11). On these
deserts saxaul grows in bushes 0.5 to 1.5 m high, spread thinly in broad,
flat hollows where ground waters are found rather close to the surface.
The usual companions of saxaul on stony substrata are Ephedra Przheval'skiy;
on sandy substrata, "kharmyk" (Nitraria Sibirica); along the boundaries
of barren gammady, Reaumuria and annuvals of the halophytic type.

Mep 1l. Range of distribution of saxaul in Central Asia.
Legend: 1l--Range of saxaul, -
[Place names: Sums as Mep 6.7

Found on the stony deserts of the Turkestan climatic province are
clusters of bushes with varieble dominants. In both the bushy and sexaul
deserts, vegetation nestles only in the best-watered depressions of the
relief and is lecking in dry, elevated areas. The flora of the bushy
deserts are also monotonous. Usually there are encountered various (a8
a rule, two or three-member) combinations of Ephedra Przheval'skly, species
of Nitraria (selitryanka vzdutoplodnaya) and Zyeophyllum (parnolistnika
zheltodrevesinnaya), xeromorphic elms, treelike saltwort plants, and short-
leafed blackberry bushes.

A distinctive feature of the stony deserts of Eastern Dzungaria,
Gashun'skaya Gobi, and Pei Shan are oases--small islets of magnificent
voegetation standing out distinctly ageinet the surrounding desert. The
oases are located in "sayry’' or on piedmont plains near large fractures
where the ground-water table is high enough to reach plant roots.

At some distance from the springs are located groves of heterophylaus
poplars ("tograka ) with & mixture of wild olives (Elaeaghus angustifolia);
8till farther come thickets of rough grasses (Lasiagrostis splendens) and
Albhagi pseudcalhagi; and on the borders of the oases, densely growing .
bushes of tamarisk and saxaul (Fig. 4).

Fig. 4. Oases in Eastern Dzungeria.
(Photograph by V. A. Amentov)

Sandy deserts. These are even more widely distributed than atony
deserts and occupy & major part of the Tarim,Dzungarian, Ala Shan, Ordos,
and Tsaidem plains, Among them are to be distinguished true deserts,
on which over lerge areas there are no high plants, and moderate deserts
with oases of vegetation. The true deserts are sandy messes lying on
denuded plains (peneplains) and on the piedmont (elevated) areas of
alluvial plains where the ground-water table is lowest. To this group
belong most of the sandy basin of Takla-Makan, the Kum Tegh sands in the
foothille of the Kunlun, the sandy masses of Karagobi and Badanchzhareng
in the Ala Shan, and the northern half of the Dzosotyn-elisu area on the
Dzungarian plain. Peculiar to moderate deserts are sands lying on young
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alluvial plains with a higher ground-water level., Fxamples of this type
ae the southwestern boundary of the sandy basin of Takla-Mekan and the
southern helf of the Dzosotyn-elisu area. The vegetation cover is best
developed and most diversified on the sands of the Eastern Ordos,
Chakhar, and Southern Mongolia, which are already in the semidesert zone.
The vegetation of a sandy desert represents a completely dis-
tinctive grouping of psammophytes capable of enduring the instability
of the free-flowing sandy substrata, the masses of which during & storm
begin to shift and elther bury the vegetation or uncover its root systems.
The ma jor representatives of this vegetation classification are tamarisks,
calligonums, "kharmyk" (Nitraria eibirica), Reaumurie, and, in the north,
saxaul. Tomarisks and calligonums grow abundantly on the sand alluvial
pleins with high ground-water levels, and also on the sands lining the
valleys of the main rivers and oases. In the latter two cases they are
conbined with strongly stunted reeds and low-growing poplar. A landscape
of sand dunes is associated with the mein ereas of tamerisk. On bare sands
tamarisk is found growing in isolated bushes which anchor the slopes of
barkhan rid